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An understanding of the determinants of the release of con-
tractiIe energy intermsof the force, lengthandtime ofcardiac
muscle contraction is essential to an interpretation of such
commonly employed hemodynamic expressions as stroke
volume, stroke work, ejection fraction, duration of the events
of the cardiac cycle and the time derivatives of pressure,
fl ow and volume. In chronic cardiac disease in the absence
of valvular or congenital defects, the factors that primarily
influence global left ventricular performance at any level of
heart rate include the preload, the systolic load (afterload)
and the state of myocardial function.
With respect to myocardial function, it is not only the
intrinsic contractile state of the myocardial cells but also
such factors as the synchrony of electrical depolarization,
the synergy of myocardial contraction on both microscopic
and macroscopic levels, the mass and thickness of the myo-
cardium, the adequacy of ventricular hypertrophy relative
to load and the geometric configuration of the ventricular
chamber that influence the translation of contractile events
into hemodynamic measures. In addition, neural (auto-
nomic) and endocrine factors, through their actions on load-
ing and myocardial function. play a dominant role in mod-
ulating cardiac performance. Thus, the physiologic
mechanisms responsible for deviations from normal in left
ventricular chamber performance can only be approximated
from hemodynamic data. What can be defined when vari-
ations in ventricular loading (and heart rate) can be ac-
counted for is whetherobserved alterations in cardiaccham-
ber performance derive predominantly from loadingor occur
by means of changes in one or more of the several fac tors
that influence myocardial function.
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Factors That Control Phases of Systole
In this issue of the Journal, Nakamura, Wicgner, Gaasch
and Bing (I) offer a newand important approach to attaining
more complete insight into the interdependent factors that
control the duration of the phases of systole. The authors
employ an elegant isolated rat papillary or trabecular prep-
aration, applying computer-assisted experimental design to
simulate the contraction-relaxation sequence of the intact
heart. Their preparation permits control of preload and af-
terload and the induction of variations in intrinsic contractile
state, thus allowing study of the determinants of the duration
of the pre-shortening period, isotonic contraction time and
electromechanical systole.
In the past, studies on the influence of preload, afterload
and intrinsic myocardial factors on systolic performance in
isolated preparations concentrated on physiologic expres-
sions such as changes in length and force of contraction
during systole and their instantaneous time derivatives, rather
than on the actual time duration of the systolic phases.
Hence, these previous studies have not permitted translation
of the data in terms of the systolic time intervals of the
intact heart. The approach of Nakamura et al. provides direct
confirmation of the independent contribution of loading and
intrinsic myocardial function to the duration of the phases
of ventricular systole. Of special interest in their findings
is the fact that the duration of the sequential phases of the
cardiac cycle in the isolated muscle strip responds consist-
ently to alterations in preload and total load. Thus, increased
preload causes an abbreviation in the pre-shortening period
and an increase in the duration of the isotonic phase with
minor lengthening of total electromechanical systole. The
ratio of the pre-shortening period to the isotonic phase thus
decreases with increased preload. Increases in total load
induce opposite changes with little influence on the duration
of electromechanical systole. These fi ndings are virtually
the same as those observed for noninvasively determined
systolic time intervals in human beings (the preejection pe-
riod. the left ventricular ejection time and electromechanical
systole). The responses of the preparation to the positive
inotropic effects of isoproterenol and calcium differedsome-
0735-1097/83/$3 00
1020 EDITORIALS JACC Vol. 2, No.5
November 1983:1019-20
what, suggesting that differences in the mechanisms of in-
otropic stimulation may yield varying responses in the sys-
tolic time intervals. The positive inotropic responses observed
in the isolated myocardium were reminiscent, although not
identical to, those observed in patients in whom consistent
abbreviations in electromechanical systole are associated
with decreases in preejection period and the ratio of pre-
ejection period to left ventricular ejection time (2-4) .*
Application to Clinical Evaluation of
Cardiac Function
Clearly, the duration of the phases of the cardiac cycle
is governed by the samefactors (heart rate, preload, systolic
afterload and myocardial function) that have been demon-
strated in the past to control stroke volume, stroke work,
ejection fraction , intracavitary pressure and its rate of rise
during systole. Nakamura et al. indicate that correct eval-
uation of cardiac function from the systolic time intervals
necessitates that all relevant variables be considered. The
fact that responses in the systolic time intervals are easily
discernible and that the intervals can be measured repeti-
tively with no discomfort or intrusion into the vascular sys-
temallowfor theirdetermination in series. Thisconvenience
readily permits testing of the influence on left ventricular
performance of loading agents and drugs that influence the
inotropic state. Thus, the observation of changes in systolic
time intervals after transient cessation of agents that influ-
ence preload and afterload or myocardial function permits
elucidation of the possible role of each of these factors.
Thepersistence of abnormal systolic timeintervals during
normal ventricular loading or with increased preload or re-
ducedafterload, or both, lends strongevidence for the pres-
ence of abnormal left ventricular myocardial function. The
normalization of ventricular function after administration of
afterload-reducing agentsor positive inotropic drugs can be
similarly evidenced by serial observation of the systolic time
intervals. Furthermore, the rate and extent of the cardiac
response to loading or inotropic agents can be docu-
mented by serial observation (4,5). Of course, the role of
intrinsic autonomic influences (as opposed to the influence
of administered agents) must always be considered in the
analysis of systolic time interval data, as it must in the
analysis of other hemodynamic variables.
*Derived from ongmal data in References 2, 3 and 4.
When there is doubt as to the relative contribution of
loading and myocardial factors, additional pertinent data
may be obtained by echocardiography or nuclear ventric-
ulography, bothof which allow for evaluation of concurrent
changes in diastolic volume, ventricular wall motion and
ejection fraction. It should be noted that recent studies (6)
havedocumented thesensitivity of the systolic timeintervals
in detecting the influence of vasodilator therapyon ventric-
ular performance in patients with chronic heart failure. In
contrast, echocardiographic and nuclear ventriculographic
estimates of ejection fraction reveal little or no change afer
vasodilator therapy in similarly afflicted patients (7,8). Thus,
in detecting the influence of loading on ventricular perfor-
mance, the systolic time intervals may prove to be more
sensitive than other noninvasive measures that are based on
the ejection fraction concept.
The accurate interpretation of measures of biologic phe-
nomena must encompass knowledge of the variables that
influence them. As knowledge of such variables increases,
our ability to use the measures improves concomitantly. A
betterunderstanding of the determinants of the systolic time
intervals should encourage their continued clinical appli-
cation in assessing cardiac function and its response to phar-
macologic agents.
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